Abstract. To investigate whether progesterone plays an essential role in differentiation of uNK cells, we ectopically transplanted tissue grafts from different developmental stages of uteri under various conditions. When female mice were used as recipients, decidualization and differentiation of uNK cells were observed in grafts from mature (8 weeks old) and immature (4 weeks old) donors, but there was no change in grafts from postnatal (10 days after birth) donors. When immature female mice were used as recipients, uNK cell differentiation was observed in grafts from both mature and immature donors, but decidualization and differentiation of uNK cells were not observed in the recipient uterus even in the presence of progesterone. These results suggest that uNK cell differentiation is not associated with the sexual maturation of recipients, and that the effect of progesterone on uNK cell differentiation is not direct, even though progesterone is an essential factor for uNK cell differentiation. When male mice were used as recipients, decidualization and differentiation of uNK cells were not observed in uterine grafts from normal mature mice. On the other hand, in castrated recipients uNK differentiation was induced in the graft, suggesting that uNK cell cannot fully differentiate in the presence of testosterone.
uring pregnancy in humans, rodents and other s pecies of mam mals, a unique subset of lymphocytes predominates at the implantation sites [1] . In mice, the uterine lymphocytes called uterine NK (uNK) cells are characterized by the large granules stained by periodic acid Schiff (PAS), and are localized in the metrial grand and the decidua basalis of each placenta. The uNK cells are suggested as having a significant function in the maintenance of pregnancy, through placental vascular formation and modification [2, 3] . The uNK cells differentiate in situ from bone marrow derived precursor cells that are small and agranular [4, 5] . Following implantation, the precursors increase dramatically in both number and size and gradually develop prominent cytoplasmic granules containing pore forming protein (perforin), granzymes and serine esterases [6, 7] . The uNK cells can produce several cytokines including IL-1, CSF-1, LIF, EGF, TNF-α, and also INF-γ [7] [8] [9] . The uNK precursors, Ly49G2 + cells, are found in the uterus of infant mice at 2 weeks of age [10] , but it is thought that the uterus has no long-term, resident uNK precursor pool, and that the precursors flow i n t o t h e u t er us d ur in g p r eg n a n c y . T h u s , throughout adulthood, it appears that the major lymphocyte population of the uterus is replenished by precursors from other tissues [11] .
The mechanism of uNK cell differentiation is still unknown. One of the sex steroid hormones, progesterone, is suggested to have a significant function in the differentiation of uNK cells, because uNK cell development is wholly synchronized with the progesterone level [12, 13] . In mice, a lot of uNK cells are also found in the pseudopregnant uterus after progesterone treatment. Furthermore, progesterone receptor (PR) expresses on murine uNK hybridomas, uterine epithelial cells and stromal cells [14] . Progesterone is known to regulate the production of cytokines and growth factors in the uterus during the estrus cycle and pregnancy. Thus, to establish if progesterone plays an essential role in the differentiation of uNK cells, we experimented using tissue grafts from uteri at different developmental stages.
Materials and Methods

Animal
ICR mice (CLEA JAPAN, Osaka) were used as both recipients and donors. Female mature, immature, and postnatal mice were used as uterine tissue donors to investigate the interaction between t h e u t e r i n e d e v e l o p m e n t a n d u N K c e l l differentiation. Mature or immature females, and intact mature male, or castrated mature male mice were used as recipients. Mice of 8 weeks old were regarded as mature because they cycled regularly, while those of 4 weeks old were regarded as immature because they did not cycle. Mice of 4 weeks old expressed PR in the endometrium, while mice of 10 days after birth did not, therefore, mice of 10 days after birth were designated as postnatal. Castrated male mice were prepared by removing testis and epididymis at 4 weeks after birth, and were used in this study at 8 weeks after birth.
Transplantation of the uterine grafts
Uterine tissue segments (1 mm 3 ) were collected from the donors. These segments containing the endometrium were inserted into the subcapsular space of the left kidney. Mature mice were selected for estrus and paired with ICR males, and the morning of vaginal plug detection was designed as day 0 of pregnancy (Day 0). The uterine grafts were transplanted at Day 0, and sampled on Day 7, bec a us e 7 d ay s i s s u ffi ci en t t i m e f o r uN K differentiation. Transplantation of the uterine grafts to female immature, male mature, and castrated mice was performed on Day 0, and the g r a f t s w e r e s a m p l e d on D a y 7 . I n t h e s e experiments 2 mg progesterone (4-pregnene-3, 20-dione; Sigma Chemicals Co., Japan) with 100 µl vehicle (sesame oil) were injected under the skin from Day 0 to Day 6 ev er y 24 h o ur s. Th e combination of recipients and donors is listed in detail in Table 1 . Decidualization of the grafts and differentiation of uNK cells within the grafts were i n v e s t i g a t e d h i s t o l o g i c a l l y a n d immunohistochemically. When females were used as recipient, the uteri of the recipients were also sampled and investigated in the same way.
Histological analysis
For light microscopy, the kidney containing the uterine graft was fixed in Bouin's solution and embedded in paraffin. Paraffin sections were made transversely through the graft and stained with periodic acid-Schiff (PAS) reagent. Decidualization of the uterine graft and the uNK cells with PASpositive granules were observed morphologically at each graft from different donors. The uterine tissues were prepared and observed in the same way.
Immunohistochemistry
To identify the PAS-positive cells in grafts as u N K c e l l s , f r o z e n s e c t i o n s w e r e st a i n e d immunohistochemically by the avidin-biotin complex method (ABC kit; Vector Lab. Inc., Burlingame, CA, USA). Rat anti-mouse Ly49G2 antibody (Fujisawa Pharmacentical Co., Ltd, Osaka, Japan) was used as the primary antibody, Each uterine graft was transplanted to each recipient. P: progesterone.
because Ly49G2 is one of the uNK surface markers [10] . After treatm ent for 3 0 m in with 0.3% h yd ro gen per o xi de t o q uenc h end o geno us peroxidase and then treatment for 30 min with 2% normal goat serum as blocking solution, the sections were reacted with the primary antibody of 1/100 dilution in PBS at 4 C overnight. Sections were then incubated with biotinylated goat anti-rat IgG (Vector Lab. Inc., Burlingame, CA, USA) of 1/ 200 dilution in PBS containing 2% normal goat serum at room temperature for 30 min. Final incubation was carried out with avidin-horseradish peroxidase complex at room temperature for 30 min, and positive reactions were visualized with 3,3'-diaminobenzidine (DAB) at room temperature for 15 min. Sections were counterstained with hematoxylin.
Results
Morphology of uNK cells in graft
When female mice were used as recipients, decidualization and differentiation of uNK cells were observed in grafts from mature and immature donors (Fig. 1A, B) , but there was no change in the grafts from postnatal donors (Fig. 1C, Table 2 ). The uNK cells in grafts from mature and immature donors could differentiate in the presence of progesterone. When using immature mice as recipients, decidualization and differentiation of uNK cells were not observed in the immature uterus even in the presence of progesterone ( Fig.  2A-C, Table 3 ). When castrated male mice were u s e d a s r e c i p i e n t s , d e c i d u a l i z a t i o n a n d differentiation of uNK cells were observed in the grafts (Fig. 3A) , but there was no change in the grafts of the normal mature recipients (Fig. 3B , Table 4 ).
Immunohistochemistry of uNK cells in grafts
Ly49G2 + cells were observed in grafts from the mature and immature donors (Fig. 4) .
Discussion
This study revealed that progesterone has indirect effects on the differentiation of uNK cells through decidual cells, and that the differentiation of uNK cells depends on the stage of uterine development. In the uterine grafts from the mature and immature donors, decidualization and uNK cell differentiation were observed in the presence of progesterone, but not in the grafts from postnatal donors. In the mouse, uNK cell differentiation is synchronized with the blood level of progesterone [15] . This fact suggests that progesterone may have essential functions in uNK cell differentiation and proliferation. Human uNK cells could differentiate and proliferate, although they did not express progesterone receptor (PR) [16] . However, since progesterone acts on endometrial stromal cells, huma n uNK cells co uld have differentiated through signals from decidual cells [17, 18] . B es i de s , in t h e h um an , d ec id u ali zat io n o f e n d o m e tr i a l s tr o m a l c e l l s o c c u r s b e f o r e differentiat ion of uNK cells in a successful pregnancy. Thus, it is suggested that in the human, progesterone is a significant factor in the induction of differentiation of uNK cells. Expression of PR in t h e m u r i n e u t e r u s i s s y n c h r o n i z e d w i t h decidualization of endometrium [15] . In the mouse, PR expression on the uterine stroma was observed on Day 12-15 after birth [14, 19, 20] , supporting our result that no change was observed in the grafts fro m post na tal donors . When immature mice were used as recipients, changes were not observed in the uterus of the recipient. However, decidualization and differentiation of uNK cells were observed in uterine grafts from immature donors. Decidualization did not occur in the uterine stromal cells of immature recipients though they did express PR. Thus, decidualization in the uterine grafts from the immature donors was t h o ug h t t o be in d u c e d b y t h e m e c h a n i c a l stimulation of the transplantation [21] .
In this study, we used male mice as recipients to investigate the effects of progesterone in the presence of testosterone. When male mice were u s e d a s r e c i p i e n t s , d e c i d u a l i z a t i o n a n d differentiation of uNK cells were not observed in uterine grafts. However, uNK differentiation was induced in the grafts of castrated recipients. These results s ugges t t ha t uN K cells cannot fully differentiate in the presence of testosterone even if progesterone is given.
